Solutions to the problem of radiation of dipole antennas in the presence of a stratified anisotropic media are facilitated by decomposing a general wave field into transverse magnetic (TM) and transverse electric (TE) modes. Employing the propagation matrices, wave amplitudes in any region are related to those in any other regions. The reflection coefficients, which embed all the information about the geometrical configuration and the physical constituents of the medium, are obtained in closed form. In view of the general formulation, various special cases are discussed.
INTRODUCTION
The problem of radiation of a dipole source in the presence of stratified media has been studied extensively with application to geophysical exploration. An excellent review on the half-space case is contained in the book by Sommerfeld (1949) and in the monograph by Barios (1966) . Propagation and radiation in stratified media are treated by Wait (1970) and Ward (1967) . Wolf (1946) and Bhattacharya (1963) considered the case of dipoles on a two-layer earth. Wait (1951 Wait ( , 1953 solved the problem of electrical and magnetic dipoles over a stratified isotropic medium. The case of an anisotropic half space was studied by Chetaev (1963) and Wait (1966a) . I' raus (1965), Sinha and Bhattacharya (1967), and Sinha (1968 Sinha ( , 1969 ) treated electric and magnetic dipoles over a two-layer anisotropic earth. Wait (1966b) formally solved the cast of a horizontal dipole over a stratified anisotropic medium. All this work was carried out by means of Sommerfeld' s Hertzian potential functions, and the primary interest is concentrated in the limits of high conductivity. Magnetic properties are almost entirely neglected, mainly because such model studies assume principal applications to the earth, where the permeability is nearly equal to that of vacuum, and the electric conductivity dominates at low frequencies. In events of other celestial bodies, such as the moon, where the lack of moisture renders very low conductivity to the medium, a study of contributions due to all electric and magnetic properties is important. This paper is devoted to the case of radiation of various dipole sources in the presence of a stratified anisotropic medium. The anisotropic medium is uniaxial and possesses both tensor permittivities and permeabilities. The principal axes are all perpendicular to the boudaries separating different media. Solutions to the problem are facilitated by decomposing a general wave field into TRI and TE modes, employing the concept of propagation matrices, and expressing the reflection coefficients in terms of continuous fractions. The primary excitation is separated entirely from contributions due to the medium. The reflection coefficients depend on the geometric configurations as well as the physical properties of the stratified medium.
In studying the theory of electromagnetic wave propagation, it has been appreciated both classically and quantum mechanically (Kong, 1970 ) that introduction of a potential function is not necessary and sometimes complicates the algebra, especially when anisotropic media are involved. With recognition of the fact that outside any source two scalar functions are sufficient to determine all field quantities, two components of the field vectors can be chosen as the fundamental scalar functions. In our case, 
where in (la), F is the permeability tensor of the media. The tensor z in (lb) contains information about the dielectric constant and the conductivity of the medium. ;=;' +i;", where ;' is the permittivity tensor, and ;" is related to the conductivity tensor z by ;"= g//w. time harmonic excitations with time dependence exp (-iwt) have been assumed. The tensors ; and c can be represented by hermitian matrices. In our case, we consider media which are uniaxially anisotropic, where (W In equations (3a) and (3b),
and
and (6) is the transverse Laplacian operator expressed in cylindrical coordinates. It is seen from equations (3) that E, and H, are decoupled, which would not be true if the i and F tensors possess off-diagonal elements. A unique decomposition of the total wave into a transverse-magnetic-field (TM) mode derivable from E, and a transverse-electric-field (TE) mode derivable from EC, is, therefore, plausible. We note that a pair of vector wave equations can be derived from (1) 
PRIMARY EXCITATION
The explicit solutions to the problem of dipole radiation over a stratified medium depends on field excitations of the source and the geometrical configuration and physical constituents of the medium. In the absence of the stratified medium, the solution of electromagnetic fields in an isotropic medium due to a dipole antenna, which we refer to as the primary excitation, is well known (Adler et al, 1960) 
where Eo and HO characterize the structure and excitation of the dipole. All field components follow from equation (8) 
In equations (13)-( 16) I is the current that drives the dipole, 1 is the equivalent length of the electric dipole, and A is the area of the current loop that constitutes the magnetic dipole. Horizontal dipoles can be obtained simply by a rotation of coordinates, which amounts to changing co@ to sin4 and sin+ to -cos& We note that a vertical electric dipole excites the TM wave only and a vertical magnetic dipole excites the ' IX? wave only, both involve Hankel functions of zero order; whereas horizontal dipoles exicitc both TM and TE waves and require Hankel functions of the first order. An arbitrarily oriented dipole can be treated as a linear combination of three dipoles along the 32, j, and i axes. 
Also GO= HO, do= RTEHo, ct= TTEHo, and dl= 0. We note that for vertical magnetic or electric dipoles, only the TM waves or the TE waves, respectively, are excited. In the case of either a horizontal electric dipole or a horizontal magnetic dipole, both TM and TE waves are excited.
REFLECTION COEFFICIENTS
In the interferometry method, our primary interest is the reflected wave fields. From the preceding section, we have established that when the wave amplitudes in region 0 are known, solutions in any other region can be determined by using the downward propagation matrices (24) and (26). In this section we derive a formula for the reflection coefficients which is expressed in continuous fractions. We observe from equation (23) 2) Since the anisotropy in permittivity appears only in E( &), and the anisotropy in permeability appears only in ,u( i-), it is seen from (31)-(34) that R TM does not depend on the magnetic anisotropy, and RTE does not depend on the electric anisotropy. Both RTM and RTE are seen to be even functions of k,.
3) It is obvious from (35)-(38) that a vertical electric dipole excites TM waves only, and a vertical magnetic dipole excites TE waves only, whereas both horizontal electric and magnetic dipoles excite both TM and TE waves. In the case when permeability is isotropic, the TM waves are extraordinary waves, and the TE waves are ordinary waves. A turnstile antenna, which consists of two dipoles perpendicular to each other and driven 90 degrees out of phase, also excites both TM and TE waves.
4) The above formulation can be compared with the potential approach for the various cases that exist. In the case of no stratified medium, the results are checked by using 
where +!=pz+z* in spherical coordinates. We define the number of layers of a stratified medium equal to the number of boundaries. The medium below the nth boundary is called the tth layer.
5) The one-layer case (or half space) has been studied extensively. We obtain from (31) and ( 
